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Precipitation trends
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Global- annual-mean surface temperature

Simulation of global warming record
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Global- annual-mean surface temperature

Simulation of global warming record
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IPCC SR1.5

Global total net CO2 emissions

i cc Billion tonnes of CO,/yr
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Earth System feedbacks:

permatrost CO, and CH, fluxes
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a,b, Absolute (a) and relative (b) terms with regard to the values shown in Fig. 2a. Uncertainty bars show the full range and

symbols show the average, across all permafrost models and scenarios.

Gasser et al., Nature Geoscience, 2018
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Regional sea level rise: is there a
signal from aerosol forcing?
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Nicholls et al., Science, 2010
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Regional sea level rise: is there a
signal from aerosol forcing?
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Slide from J. Fasullo (NCAR/CGD). Unpublished work. Do not distribute.




Seasonal to decadal prediction

* Fundamentally a coupled problem

* Different scales of predictability operate on
different modes of coupling

e Ocean
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Decadal Prediction Large Ensemble with CESM1

The CESM Decadal Prediction Large Ensemble:
Forecasting decadal trends in the

North Atlantic and Arctic

Analysis follows Yeager et al., GRL, 2015




Seasonal to decadal prediction

* Fundamentally a coupled problem

* Different scales of predictability operate on
different modes of coupling
* Ocean
 Stratosphere
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NAO Predictability: Influence of

ACC of weekly NAO in dependence
t h S St ratos p h ere of initialized 10hPa polar vortex strength
* Research with CESM1 S2S | B o 82
hindcasts : ‘ Strong (62)

Sun et al. (2018)
* Following extreme in preparation
stratospheric polar vortex

conditions, the

* The enhanced NAO
predictive skill

, While in the case of
strong vortex events the skill
is partly related to
persistence and lower
boundary forcing.

NOAA funded project: J. Richter (NCAR) &
J. Perlwitz & L. Sun (NOAA/ESRL/PSD)



Seasonal to decadal prediction

* Fundamentally a coupled problem

* Different scales of predictability operate on
different modes of coupling
* Ocean

 Stratosphere
* Land
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Old version (CCSM3) New Version (CESM1)
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Slide courtesy of Ben Kirtman (U. Miami)
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Observations of the Data Assimilation

climate system Research Testbed (DART) Geophysical Model

Community Earth System Model
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Observations of the Data Assimilation

climate system Research Testbed (DART) Geophysical Model

Community Earth System Model
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What is climate change? What is variability?



Additional slides
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20+ years of model
development and BioGeo- Polar

. . Chemistry Climate
applications

Chemistry- So.ftwa re Societal
Climate NgINEEriNZmnimension

Atmospheré Paleo-
Climate

Variability
Most working groups have
winter/spring meetings.

Annual meeting in June.
http://www.cesm.ucar.edu/management



IRVl New generation of emissions scenarios

PROJECT

Scenario group
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net—-negative global emissions
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Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation.
Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m?). Marker Scenarios are indicated.
Source: ; ;



http://dx.doi.org/10.1016/j.gloenvcha.2016.05.009
https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=welcome
http://www.globalcarbonproject.org/carbonbudget/
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Science, 1889

THE formation of cloud has been generally ascribed to the rising
of a mass of saturated air to a cooler stratum, where the cooling
due to expansion and that from the surrounding air produces a
supersaturation and visible cloud. Not long since, Mr. John Aitken
of Scotland propounded the rather startling theory that cloud could
not be formed without the intervention of solid particles of dust,

smoke, or other substance, This view was based on laboratory
experiments, in which dust-free air seemed to show no condensa-
tion upon rarefaction, It would seem as though this view can hardly
be possible. If two molecules of vapor have been sufficiently
cooled, why may they not coalesce into a double molecule of water ?
If we consider that each double molecule of water needs a solid
particle for a nucleus, there will be needed enormous quantities of
these particles in each cloud, and more, it would seem, than can
hossibly be present in the cloud-forming strata.,
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Global TS anomaly w.r.t 1850-1880 Au=autoconversion rate
IO — = kLAN? L=cloud liquid (kg/kg)

{ Black: HadCRUT4

Red: CMIP5 N=droplet number (#/kg)

. Nc v. Autoconversion Rate
Blue: CMIP6 i o Lo AR — . Khairoutdinov and Kogan
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Wood, 2005

Difference in short-wave cloud forcing (SWCF)

ANN SWCF
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CESM-LE

a. JAS PRE, Sahel (20°W-10°E, 10°N-20°N), LY3-7 CESM-DP-LE

CESM — Decadal Prediction
Large Ensemble (40 members)
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b. JAS PRE, Sahel (20°W-10°E, 10°N-20°N), LY3-7

AACC,¢ = 0.69

MSSS, = 0.29
AACCpers = 0.13
MSSSpers = 0.29

Steve Yeager et al. (BAMS, 2018)
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